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WATER HAMMER

s et

PLANT YEAR TYPE DAMAGE

|
|
D.C. Cook 1976 Hydraulic snubbers on 14" feedwater ]

line damaged, including failure of
hydraulic fittings and reservoir feedpipe.

Brungwick=2 9/75 Three cases of water hammer occurred 1
during a one month period in the RHR
system. Subseguent inspections revealed
cracned grouting on certain pipe supports.

Only minor pipe movement and limited
damage to pipe supports occurred.

|
|
Fitzpatrick 1978 Restraints and supports on containment
spray header damaged;one hydraulic
snubber broken.
Fitzpatrick 9/75 Several (3 of 4) restraints on HPCl steam
line damaged by water hammer. ‘

Fitzpatrick 1975 Restraints of RHR steam supply to HX
failed by pulling from wall.

line of LPCI failed by pulling loose

Palisades 1974 Horizontal pipe restraint on suction 1
|
from pillar (4-5/8" bolts). 1

Arnold 1974 Restraint bolting damaged in core spray
system.
Rancho Seco 1974 Seismic support bolting damaged in

feedwater line to steam generator.

Fitzpatrick 1974 RHR pipe moved up to 10 inches:
seismic supports dampened.

2ion=1 1974 Hanger broken on auxiliary feedwater
pump pipe. Rainwater entering exhaust
line caused water hammer.

1
Surry-2 1974 Flashing and water hammer damaged |
pipe restraints on three safety injection
discharge lines grouting concrete |
supports.
|
\

Brown rry- . . P
8 Serry-1 1974 Operator error moved HPCI pipe,

broke 3 pipe restrainis, bent and damaged
others, fractured journal.



WATER HAMMER (CONTINUED)

Millstone-1

Indian Point-2

1973

11/73

g, 95

Hangers on Torus ring header for 18-inch
LPC1 system damaged due to sudden
injection of 260 psi water into line
while empty.

A turbine trip due to a high water

level in a steam generator (at 7% power)
caused interruption of normal feedwater
flow causing the level in another

steam generator to drop to where the
reactor tripped oa low-low level.

After reactor trip a continued

decrease in level was observed accompanie
by a rise in containment tempersture

and humidity. Investigation showed that
the A-106 Grade C 18-inch main feed-
water pipe to one steam generator had
cracked 180° circumferentially at the
weld attaching the pipe to the pene-
tration insfde containment. Shaking
accompanied by a loud noise at about the
time of reactor trip. A water-steam
reaction in the horizontal feedwater
line adjacent to the steam generator

was considered to be responsible for

the (water slug) leaks. After pipe
failure steam water impingement on

the containment caused localized

bulging of the liner. Corrective
actions included shortening of the
feedwater line, installation of

feeding jets, and J-tube modificiations
of the feeding.

Subseguent to the initial failure and
prior to the complete "fix", other
water hammers occurred at Indian
Point-2 under conditions of low feed-
water flow when the water level fell
below the spargers; simultanecus

with the recovery of the sparger

with water (covering and sealing
holes in the bottom of the sparger).




WATER HAMMER (CONTINUED) -

2

PLANT YEAR TYPE DAMAGE

Surry 10/72 Water hammer while steam generators
being fed by auxiliary feedwater
system damaged main steam line,
check valve and local displacement
of feedwater piping.

Quad Cities~1 4/72 RHR's seismic restraints and pipe
hangers damaged due to water hammer
resulting from improper venting and
air accumulation. Three seismic restraint
damaged; a spring hanger bottomed,
grout chipped on another; four hangers
damaged. .

Vermont Yankee 11/71 Water hammer in EPCI turbine exhaust
piping. Cause - steam condensation
in turbine exhaust line following a
test, pulling water from supnmression
pool at high velocity. Vacuum breaker
installed to pravent recurrence.

resden=2 1970 Water behind valve in HPCTI line
" accelerated and dented 10-feet of
pipe, breaking or bending several
restraints and snubbers.

Turkey Point Three cases of water hammer in feed-

3 & 4 water piping from steam generators
to feedwater check valves developed
leaks in bonnets and anchor bolts
pulled out of concrete.



CONSTRUCTION INSTALLATION ERROR/DEFICIENCY

PLANT YEAR
Arkansas Nuclear

1, 8o, 2 1976
Millstone~2 8/75
Connecticut 6/75
Yankee

Coocper 1975
Cooper 1975
Arnold 1975
Arnold 1974

TYPE DAMAGE

Cracks in main steam pipe restraints
due to welding procedures or to
lamellar tearing.

A mechanical snubber on pressurizer
locked up during hot functional

test, resulting in bending shaft

on adjacent snubber on same line.
(International Nuclear Safeguards
Snubber). Snubber had been installed
’7ith preset screw in place. Dynamic
loading of plant heatup caused setscrew
to shear.

Only one of four pressurizer restraint
guides were installed properly. The
other three did not line up properly
with embedded plates so only six of
eight bolts and 1 of 2 dowel pins were
installed. 16 of 24 bolts on ring
girder were never tightened enough to

compress lock washers (poor workmanship). |

Analysis revealed pressurizer seismic
restraints would have failed if earth-
guake had occurred.

Hanger on RHR system broke at weld
HAZ due to incorrect installation of
hanger. Weld made along edge of

beam flange rather than across flange.

Circumferential weld on snubber
extension to anchor bracket failed
due to lack of weld penetration
between pipe and flange plates.

Stem on snubber broke due to bracket
installed 90° from correct crientztion
so movement of steam exhaust line
caused steam to contact bracket and
break due to overload.

Restraining pin not removed from
hanger after hydro test heatup,
movement limited, no specific damace.



H.B.

H.B.

CLANT

Robinson

Peachbottom

FPobinscn

CONSTRUCTION INSTAILATION ERROR/DEFICIENCY (CONTINUED)

1972

1970

TYPE DAMAGE

Main steam line seismic restraint
moved 2-3 inches breaking grout‘ng
around studs and causing bending of
restraints due to failure of pipe
shoe to slide on mating surface.

Poor field welds, low preheat on
2 main line restraints.

During hot functional testing a

6~-inch pipe nozzle between pressu - .er
main steam line and safety valve
failed completely due to crack
initiated at excessively machined
taper.

Four pipe hangers on ECCS 24° Torus
suction header failed; bolts sheared.




PLANT

P

Peachbottom

Palisades

Arkan-,as Maclear
s e, 1

Browns Ferry-l

Turkey Point-3

LaCrosse Boiling
Water Reactor

YEAR

1975

1975

1974

1974

972

1968

_ERROR/DEFICIENCIES

TYPE DAMAGE

—— o ————— et et

Snubbers restrained thermal moticn
after dynamic locad - design.

188 restraints replaced or modified
on 1ines » 2.5 in.

Several hanger rods bent during a
pipe shock test. Corrected by adding
snubbers.

15 of 16 pipe hangers on Torus header
failed due to design deficiency
(bolts failed), header dropped on
several drywell vents.

Three or four safety valves on main
steam line header blew off and split
head due to system not designed for
reaction forces under dynamic loads.

Uncorrected thermal expansion cazused
constant force to bend hanger and
feedwater pipe lifted » 1",




PLANT

— e o

Turkey Pt.-3

Pilgrim=-1

Mill=tone~1

Cooper

Dresden-3

YALVE CLOSURES - TURBINE TRIPS

YEAR

1975

1972

1971

1976

8/73

TYPE DAMAGE

Spurious closure of MSIV at full
power apparently generated enough
transient load to distort spring
hanger on main steam line.

Restraint ¢n steam line torn from
support so others bent. Turbine trip.

Supports damaged - severe movement
of main steam «nd bypass lines.
Turbine trip.

VIBRATION FATIGUE

Four seismic pipe hangers failed at

bolt holes due to fatigue induced
by pipe vibration, 1gers designed
close to limits so any excess loading

would cause flexing at support bolts.

Vibration in piping transmitted thru
two (empty) hydraulic snubbers and
caused failure at a weld attaching

3" pipe stub to larger pipe. Fillet
weld was stress riser.




UNENOWKS

PLANT

TYPE DAMAGE

Peachbottom 11/75 Rigid pipe support on RHR line broken

- Nno cause given.

Connecticut Three steam generator holddown bolts
Yankee broken - alarm system not actuated to
detect such breaks.

Connecticut

Vilkes 975 Pipe hangers (attachments) on
steam generator feedwater pipe broken.
No known incidents of overstressing.
surry 1 & 2 1973 ESnubbers on 6" pressurizer collector
Y P

line broken. Pipe moved " 2",



